This study explored relationships between students' attitudes toward science and their preferred versus actual experience of cooperative, constructivist-oriented, or direct instruction. The sample consisted of 1334 Chinese middle school students in physics and chemistry classrooms. Results showed that students report experiencing more direct instruction, very little constructivist-oriented instruction, and a moderate amount of cooperative instruction. Attitudes toward science were positively related to cooperative teaching strategies like group work in class or developing small-group projects. There was no significant effect of constructivist-oriented instruction or of direct instruction on students' attitudes. Whereas previous studies demonstrated positive impacts of constructivist teaching on student understanding of science concepts, student attitude toward school science appears to be more related to social interaction or cooperation. Lack of any statistically significant differential effect from constructivist-oriented instruction might also be related to the overall low incidence of such instruction experienced by our sample.
Building and sustaining students' attitudes toward science has been a consistent goal in science education and a topic of significant research, as attitudes are an important aspect of students' persistence in school science and interest in pursuing science careers (Osborne, Simon, & Collins, 2003; Tytler & Osborne, 2012) . Unfortunately, students' attitudes toward science generally decline over the middle and high school years (George, 2000; Potvin & Hasni, 2014) . Therefore, finding ways to support middleschool students' attitudes toward science can help contribute to efforts to teach and retain students in school science.
Previous studies have demonstrated the potential for constructivist-and inquiryoriented teaching to increase students' attitudes toward science (Juuti, Lavonen, Uitto, Byman, & Meisalo, 2010; Osborne et al., 2003) , but the majority of such work has been conducted in Western settings. While informative and influential, we also see a need to study the phenomenon in East Asian settings because of the different classroom context, norms, and expectations there. We therefore contribute to the literature by examining the effects of forms of instruction on science attitudes in East Asian settings (Osborne et al., 2003 (Osborne et al., : 1072 . Furthermore, whereas increases in attitude toward science are well demonstrated when treated as an explicit goal of a curriculum or program (see also Koballa & Glynn, 2007, p. 85 , for their brief review on interventions) or that look at the benefits of out of school experiences (Gibson & Chase, 2002; Maltese & Tai, 2010) , in this study we examine the effects of different forms of instruction on students' attitude toward science even when attitude was not an explicitly-stated outcome for the lessons. We address these areas through a survey of middle-school students' attitudes towards science and its relationship to their reports of actual instruction and their preferred instruction.
This study is based in the Chinese education context where previous research indicates that teacher-centered, direct instruction is rather more prevalent even as inquiryoriented approaches have been encouraged (Huang, Ding, & Hu, 2016) . The reasons for this are multifaceted. The Chinese Ministry of Education (MOE) released revised guidelines for various subjects (e.g., Ministry of Education (MOE), 2011) that encouraged more student-centered teaching approaches, yet the translation of these into classroom practices is also filtered through teachers' own experiences and the goals and expectations for national examinations (Liang, 2017) . Gao and Watkins (2002) showed that Chinese secondary science teachers' views of teaching fall into two categories: molding and cultivation. The molding orientation relates particularly well to teachercentered activities such as knowledge delivery and exam preparation, whereas the cultivation orientation addresses activities such as ability development, promoting attitudes, and guiding conduct. Gao and Watkins also found that teachers overwhelmingly viewed the benchmark for success to be external examination performance, regardless of whether they endorsed the molding or cultivation view. This finding is corroborated by Yip's (2001) work in Hong Kong, showing how pre-service teachers predominantly view students as "empty vessels to be filled with knowledge from the authority" (p. 758), and that many of these views persisted despite participation in a teaching methods course that emphasized constructivist-oriented science teaching approaches. These findings are consistent with the heavy emphasis on examinations and a focus on performativity in Chinese education (Tan, 2012) , which is itself part of a broader trend throughout East Asian societies (Kennedy, 2007) . Given this status, we anticipated that direct instruction in the science class may be more prevalent in our study, while using instruments that allow for gathering data on varied forms of teaching. The study therefore bridges ongoing work on the role of instruction on students' attitudes towards science in Western settings (e.g., Juuti et al., 2010) with work on Chinese students' attitudes towards science (Du & Gao; Wu & Gao) , by focusing on the roles of the forms of instruction that students experience.
Background and related literature
Attitudes toward science Attitudes toward science are the positive or negative opinions that individuals have about science, based on their perceptions of science-as a school subject, as an aspect of society, and as a human endeavor (Osborne et al., 2003) . Attitude is a relatively more dispositional construct that changes slowly and influences the broad range of perceptions, views, and values regarding science, as well as their interest in pursuing potential careers in science. According to the expectancy-value theory (Eccles & Wigfield, 2002; Wigfield & Eccles, 2000) , a student's attitude toward school science can be explained by two main factors: the student's expectations of success, and the value that the student places on success. These include belief about the student's own ability for school science, expectation for success in school science, and usefulness and importance of school science. The expectancy-value theory provides a psychological basis for the study of both persistent attitudes toward school science and of transient, situational motivations. Furthermore, the expectancy-value theory aligns with the Relevance of Science Education (ROSE; Schreiner & Sjøberg, 2004) project questionnaires on student attitudes toward school science: ability views, expectation of success, career values, and social values (see Schreiner & Sjøberg, 2004 , for more detail on the item development). The ROSE project has informed several international comparisons on students' views about and attitudes toward school science.
Attitude toward school science is not only a by-product of teaching but can be an important outcome in its own right (Osborne et al., 2003) . Attitudes toward science can also have statistically significant relationships with student achievement and gains in content knowledge (Bybee & McCrae, 2011; Newell, Zientek, Tharp, Vogt, & Moreno, 2015) , which may be a direct effect or be indirect through the influence of attitude on students' engagement, motivation, or persistence with academic study of science. Therefore, attitude has been identified as an important measure for assessing science teaching, because it is related to students' performance in science and their retention in science majors. For example, attitudes toward science were shown to have positive relationships with course performance (Hazari, Tai, & Sadler, 2007) and science coursetaking patterns (Singh, Chang, & Dika, 2005) . The possible mechanism for such effects is that attitudes can provide indirect support by increasing students' willingness to spend time on and persist in learning science (Singh, Granville, & Dika, 2002) or have a stronger sense of the value of direct effort (Newell et al., 2015) , thus yielding higher achievement and course persistence.
Attitudes literature reveals complex relationships among attitude with student demographics, class experiences, and behaviors. Gender, economic, and racial differences have received much attention over the years, revealing that students have more positive attitudes toward science when they believe it is welcoming of women and minorities (Fulmer, 2014) , or provides a greater sense of fit with their own values or identities (Aschbacher, Li, & Roth, 2010; Weinburgh, 1995) , or into a 'science culture' (Taconis & Kessels, 2009 ). Rice, Barth, Guadagno, Smith, and McCallum (2013) explored the differences in role of social support for attitude toward science and math, finding that gender played a role in the types of social support-finding that females drew on parent and teacher support whereas males drew more on peer support. These findings may also be influenced by the prevailing culture. Gender differences in attitudes, for example, may be more prominent in Western samples (Fulmer, 2014; Sadler, Sonnert, Hazari, & Tai, 2012; Weinburgh, 1995) , but in Asian settings may be missing (Peer & Fraser, 2015; Wang & Berlin, 2010) or reversed (Hong & Lin, 2011) . But in a few recent studies conducted in the Chinese context, male middle school students' attitudes toward science were consistently reported to be more positive compared to their female counterparts' (Du & Gao, 2010; Wu & Guo, 2019) . This led Potvin and Hasni (2014) to conclude in their review that there are no clear patterns on gender gaps in attitude internationally. We choose to include a gender analysis in our study to help us better understand the possible differences in relationship between students' attitudes and instructional modes.
Prior research has explored the ways that attitudes toward science are linked to students' learning experiences and the school context. Raved and Assaraf (2011) found that students had more positive attitudes when they felt a connection with the teacher and the relevance of the topic. Basl's (2011) analysis of PISA 2006 data showed that school preparation was consistently more important for students' developing awareness of science careers than family background. Maltese and Tai (2010) interviewed practicing scientists and graduate students and found that school-based activities were particularly important for girls to develop interest in science. Vedder-Weiss and Fortus (2012) noted that Israeli democratic schools, which emphasize autonomy and selfdirection, do not have such attitude declines. Attitudes, interest, and motivation have also been found to have important peer and social support effects (Rice et al., 2013; Vedder-Weiss & Fortus, 2012) , making it clear that understanding the school's academic context is important. Thus, in this study we considered schools of different types, so we could consider possible academic context effects.
Despite the body of knowledge reviewed above, we know relatively little about how attitudes can be influenced by how students are taught science in school. Studies in this area suggest that students prefer learning experiences involving activity-based practical work, discussion, investigations, and the stressing of the relevance of science through issue-based instruction (Juuti et al., 2010; Koballa & Glynn, 2007) . Recent work has explored this effect, but with some mixed findings. Traditional teacher-centered instruction is associated with lower attitudes toward science (Potvin & Hasni, 2014) . By contrast with traditional teaching, studies on reformed teaching show better promise. Houseal, Abd-el-Khalick, and Destefano (2014) found increases in students' perceptions of scientists after a partnership program with visiting scientists. Koksal and Berberoglu (2014) found a significant but small effect (η 2 < .10) of a guided inquiry approach on students' attitudes toward science. Zeyer (2017) found that students with better systems-thinking had higher attitudes toward science. On the other hand, Kanter and Konstantopoulos (2010) found a decline in minority students' attitudes toward science after a project-based science curriculum. So, while there is some overall pattern there is still substantial room to examine the role of teaching strategies on students' attitudes. Furthermore, we do not yet know if these preferences or experiences of instruction are particular to specific acts of teaching (e.g., doing a laboratory), or if they are part of an overall pattern in forms of teaching such as direct instruction, constructivist-oriented instruction, etc. Teacher education and professional development do not usually focus solely on one behavior like doing laboratories, but on a set of related pedagogical strategies in which students may, for example, interact with objects, plan studies of their own, and carry out laboratory work (Hand, Cavagnetto, Chen, & Park, 2016; Minstrell & Kraus, 2005) . As Potvin and Hasni (2014) found, the overall positive effects of collaborative work and of inquiry-oriented teaching are confounded by the varied definitions and operationalizations of the inquiry teaching approaches, such as bringing in professional scientists or doing extensive group work. So, for this study we sought to distinguish among different instructional practices to make a clearer comparison among forms of instruction and the effects on students' attitudes.
Drawing on the expectancy-value theory, we posit that there are connections between the instructional practices that students experience in class and their developing attitudes toward school science (Wang & Degol, 2013) . We argue that constructivistoriented teaching can yield better attitudes in two ways. First, as students take ownership of the knowledge building process in class, they gain epistemic authority and thus increase their sense of ability and outcomes expectation (Durik, Shechter, Noh, Rozek, & Harackiewicz, 2015) . Second, as students use social interactions to develop knowledge together, they increase their sense of social support and social interaction in school science, which would lead to greater sense of personal value (Urdan & Schoenfelder, 2006; Wang & Eccles, 2012) .
To examine these relationships, we build on existing work that uses student responses on their experienced and preferred instruction. Examining students' experiences of instruction can provide valuable information not only about the forms of instruction that they experienced (Fulmer & Liang, 2013; Marsh, 1984) , but also how this can relate to student outcomes. Our attention to both actual and preferred instruction reflects the fact that meeting students' expectations could increase their satisfaction and situational interest, and therefore could contribute to the development of positive attitudes toward science (Juuti et al., 2010) . So, we examine not only the level of experienced instruction, but how this may differ from what students prefer. Drawing on such information to support teachers in using students' preferred instructional strategies may enhance students' positive feelings in the class and, thus, support the development of their attitudes toward science.
In addition, most previous studies on the relationship between forms of instruction and student attitudes were conducted in Western countries. As a field, we do not know if the relationship between forms of instruction and students' attitude is consistent across national and cultural boundaries. Are there common aspects of the school experience that may lead to improved attitudes toward science for both Western and Asian students? Exploring questions such as this provide insight not only within each context but also about the relevance and translation of educational concepts across contexts. Indeed, this relevance goes both directions: as accountability systems using high-stakes examinations are becoming more common in Western countries, the lessons learned from examination-driven education systems of East Asia may prove informative for educators throughout the globe.
In this study, we addressed these gaps in extant literature through a survey of middle-school students' preferences and experiences of direct, constructivist-oriented, or cooperative teaching, and how this relates to their attitudes toward science. We posed three research questions. Questions 1 and 2 address the actual and preferred instruction and whether this is affected by gender or school type. Question 3 addresses the influence on attitudes of forms of instruction.
Forms of science instruction
This study examines some of the forms of instruction that science teachers may use in class, which derive from different theories about learning and teaching. For this study, we identify three broadly defined forms of science instruction: direct, constructivistoriented, and cooperative.
Direct instruction is instruction in which the teacher presents content to students and is underscored by the focus of attention on the teacher and communication from the teacher to students (Cobern et al., 2010; Juuti et al., 2010) . Our usage of the term direct instruction is distinct from the very specific definitions such as Explicit Direct Instruction (Hollingsworth & Ybarra, 2017) . Rather, we use it in the broader sense of teacher-led instruction organized so that concepts and skills are built up over time, in an order specified by the teacher, characterized by the teacher telling, modeling, and representing accurate content to students (Clark, Kirschner, & Sweller, 2012; Kame'enui, Jitendra, & Darch, 1995; Kirschner, Sweller, & Clark, 2006) . The general format of direct instruction is also sometimes called teacher-centered instruction, and in the US often referred to as "didactic" approaches. This is also consistent with widespread patterns of instruction that are found in Chinese contexts (Huang et al., 2016) . It is recognizable when teachers retain the epistemic authority of the class and, in the more extreme examples of this approach, when students remain silent and attentive to the teachers' actions and statements. In such circumstances, student activities may include working individually on an assigned problem or observing the teacher delivering new content in a lecture format (Juuti et al., 2010) .
In contrast to direct instruction, there has been increasing attention to alternatives that emphasize students taking more epistemic authority for developing conceptual understanding or for more social interaction in class among students. Two broad categories representing these forms are Constructivist-oriented and Cooperative. According to the review by Baviskar, Hartle, and Whitney (2009) , constructivist-oriented teaching typically involves some combination of four elements: eliciting students' knowledge, creating cognitive dissonance in some way, applying knowledge with feedback, and reflection on learning. These are also often denoted as inquiry-oriented teaching (Furtak, Seidel, Iverson, & Briggs, 2012; Loyens & Rikers, 2016) . Student activities during constructivist-oriented teaching may include the students developing concept maps about their ideas, or discussing concepts as a class (Juuti et al., 2010) .
Cooperative instruction is characterized by students interacting with each other in pairs, groups, or teams (Slavin, 2016) , informed by theoretical perspectives from social constructivism as applied to science teaching and learning (Driver, Asoko, Leach, Mortimer, & Scott, 1994) . As Gillies (2003) noted, simply putting students into groups is insufficient to support their learning-the students must understand the ways in which their cooperation supports not only group success but individual success. A variety of approaches to cooperative grouping have been proposed, such as jigsaw, home-group, etc. (Hänze & Berger, 2007) . Student activities during such times include working in pairs or teams, or using a specific form of grouping such as the jigsaw (Juuti et al., 2010) . As mentioned above, the Cooperative and Constructivist-oriented categories should not be considered mutually exclusive, as combinations are certainly possible both in practice (Loyens & Rikers, 2016; Slavin, 2016) .
Much science education research work has demonstrated the benefits of constructivist-oriented and cooperative approaches compared to direct instruction (Koksal, 2014; Liang, Fulmer, Majerich, Clevenstine, & Howanski, 2012) . However, there has been debate in the field as some scholars argued for the superiority of direct instruction (Kirschner et al., 2006 ). Yet, critiques of this type are often themselves criticized for using a strawman argument of a purely unguided "discovery" approach that is, in practice, relatively uncommon in science education (Dean & Kuhn, 2007) . Rather, well-controlled experimental studies of direct and constructivist-oriented teaching show either comparable results under fair comparisons (Cobern et al., 2010) or that there is a long-term benefit of constructivist approaches (Dean & Kuhn, 2007) .
Research questions
1. What forms of science instruction do students experience in class, and does this differ from their preference for instruction? 2. Are there differences in student perceptions of actual and preferred instruction by gender or by type of school? 3. How is attitude toward science explained by the discrepancy between students' preference for and actual experience of instruction, after accounting for gender and type of school?
Methods

Setting and samples
The study focused on instructional practices in physics and chemistry classes from student perspectives. Our data were collected in 16 randomly-selected junior high schools in a well-developed city in Jiangsu province of China. The schools were of three types according to level of academic prestige-A, B, and C-where A schools were highest in academic standing and C schools were lowest in academic standing. These three types are well representative of the schools in this city. Our prior experience in these schools suggests that it is a mostly teacher-centered classroom environment, with an average of about 70% of class time devoted to teacher lectures and about 30% of time on student questions, discussion, and laboratory experiments. To our knowledge there is no systematic difference among the schools by type on the teaching strategies or approaches, but because of academic standing there would be differences in the level of difficulty of the science content. Also, students in the type A schools are more likely to behave attentively and interactively in class, whereas students in type C schools may be more likely to be inattentive or to require teachers' active management for classroom discipline. The initial sample comprised 1334 Grade-9 students (50.9% male). Grade-9 students in these schools take a set course including both physics and chemistry for the entire year. Of these 1334 students, full response data was available for 1299 students (50.2% male). The survey process was approved for ethics clearance by the institution and vetted by school principals. The students completed the questionnaire in class under direction of their teachers, who advised them that the survey was for research purposes only and would not affect their grades or standing. All questionnaires were anonymous to protect students' confidentiality.
Instrument
We implemented one survey instrument with two sections of items-students' attitudes toward science, and their experiences of instruction-adapted from a previously validated survey study by Juuti et al. (2010) . The attitude questions adopted by Juuti et al. (2010) are themselves based on the questionnaires used by the ROSE study (Schreiner & Sjoberg, 2004; Sjøberg & Schreiner, 2010) , in which scholars around the world worked to establish validity through expert review, piloting, student interviews, etc. More detail on the questionnaire development process and the project goals regarding validity are summarized in Sjøberg's and Schreiner's (2004) report. Reliability information for the present sample is presented below when discussing our factor analyses. The items were translated into Chinese, with some items were modified slightly for the mainland Chinese context. To perform the translation, one author and one graduate student each independently translated the questionnaire into Chinese, then compared their translations. No substantial differences were found, so the final version was based on merging the two translations.
Two sections were analyzed for this report: students' attitudes toward science, and students' reports of instruction as they actually experienced it or that they would prefer. The first section of the questionnaire addressed students' attitude toward school science, comprising 8 items about their perceptions and attitudes about school science, each on a 4-point Likert-type scale (see Table 1 ). The items address varying aspects of attitude towards science (here, physics and chemistry were stated explicitly rather than putting the general term, "science") and technology. The various items are consistent with expectancy-value theory because they include not only interest in the immediate course content and stimulated curiosity, but also importance for society, and helpfulness for future careers in science and technology. Because of the course structure for the Grade-9 students in the sample, we have information on their preference for instruction, actual experience of instruction, and attitude toward science overall but cannot disaggregate by subject area (e.g., actual instruction in chemistry or in physics).
The second section of the questionnaire addresses teachers' instruction. It contains 23 items, each answered on two scales: (1) a 5-point scale about the actual frequency that certain teaching methods occurred in classroom, and (2) a 5-point scale about the preferred frequency for the same teaching method. For example, an English version of one item is "Teacher solves problems or sums on blackboard or transparency," answered on a 5-point scale about how much they experienced its use, and also on a 5-point scale about the student's desire for it.
Instrument factor analyses
Our factor analysis included an exploratory factor analysis (EFA) to identify possible factors, a content analysis to determine appropriate names and definitions for the 
A2
Physics and chemistry are interesting.
A3
Physics and chemistry are easy for me to learn.
A4
What we learned in physics and chemistry lessons are very useful in our daily life.
A5
Physics and chemistry lessons have increased my curiosity about science.
A6
I would like to become a scientist.
A7
I would like to get a job in technology.
A8
Science and technology are important for society.
identified factors, then a confirmatory factor analysis (CFA) to extend this by comparing various relationships among the factors. We began with an exploratory factor analysis (EFA) on the sets of 23 forms of instruction items to identify possible factors for further content analysis. A preliminary analysis indicated 3 factors would best suit the data. Our subsequent content analysis helped us to generate a meaningful factor name and definition for the identified factors. We reviewed each item in all factors and debated the combined meaning of the sets of items in these empirically-derived factors to produce three factor names: cooperative teaching (8 items, e.g., "Students solve problems or complete tasks in small groups." and, "Students conduct experiments in small groups."), constructivist-oriented teaching (7 items, e.g., "Students draw concept maps or other figures/charts." and, "Students hold a debate during the lesson."), and direct teaching (8 items, e.g., "Teacher solves problems or summarizes content on the blackboard." and, "Students learn by reading the textbook."). As the sample items demonstrate, direct teaching consisted of practices that emphasized reception of content knowledge from the teacher, such as having students read from the textbook or describe phenomena and results from experiments, rather than having students plan or conduct experiments for themselves. Cooperative teaching consisted of practices that involved student group work, such as working in groups during class on solving problems or developing small-group projects. Constructivist-oriented teaching consisted of practices that emphasized individual student's building their own knowledge (von Glasersfeld, 2001b) through conceptual development and experiential learning, such as posing and testing one's own questions, drawing and reviewing concept maps, communicating their ideas about science, and engaging in debate about scientific topics.
Our distinction of constructivist-oriented and cooperative teaching practices warrants some clarification. The constructivist stance is built on the tenet that individuals cannot develop knowledge passively but must actively cognize about new experiences in contrast with previous experiences (von Glasersfeld, 2001b) . This process is emphatically centered on cognition. In practice, many current efforts to promote constructivistoriented teaching also incorporate a social element. At the minimum, there is a fundamentally social need to provide opportunities for students to verbalize their thinking, by talking to a teacher or to another student, to help stimulate thought and increase reflection on one's thoughts (von Glasersfeld, 1987 (von Glasersfeld, , 2001a . However, we wished to recognize the possibility that students could be tasked to work in pairs or groups on tasks that are not directly intended to "build knowledge" but that may emphasize transmission of knowledge. For example, students could work in groups to follow a verification-type "cookbook" laboratory, to complete a worksheet, or to review terminology. These examples would provide opportunities for students to cooperate, but would not exhibit the conceptually-rich classroom environments associated with constructivism. This distinction therefore allows use to show the experiences of cooperative activities-without knowing whether they allow for knowledge repetition or knowledge building-from classroom activities more directly associated with constructivist approaches to inquiry and active learning.
Following the content analysis, we conducted CFA to test multiple, competing factor structures that could represent different interpretations of the relationships among the factors. Thus, our CFA process was not just a recapitulation of the EFA findings but also allowed more critical tests on the conjectured factor structure-including whether the differentiation of actual and preferred forms of instruction were meaningful. We tested four CFA models with some variations. Model 1 was a unidimensional model that places all items onto a single unidimensional factor. This essentially treats the responses as if there were no sub-factors at all. Model 2 was a first-order model that consisted of a total of 7 factors: one for the Attitude items, and the combinations of Actual vs Preferred responses on the three forms of teaching: Actual-Cooperative, Actual-Constructivist, Actual-Direct, Preferred-Cooperative, Preferred-Constructivist, Preferred-Direct. Model 3 was a second-order model, where the Actual and Preferred served as second-order factors to which are attached the Direct, Cooperative, and Constructivist responses. Model 4 was a bifactor model, where each item was loaded onto 2 factors simultaneously: either Actual or Preferred, and either Direct, Cooperative, or Constructivist. For each model, we fit a model variation to determine if a link between the error variance terms for the parallel Actual and Preferred items would improve model fit. The CFA analyses were performed with the lavaan package (Rosseel, 2012) in the R statistical environment (Ihaka & Gentleman, 1996) . We compare the CFA models on several model statistics (Rigdon, 1996) ; to identify the best fitting model among the candidates. The first, Root Mean Square Error of Approximation (RMSEA), addresses how well the proposed model fits the data; a value is considered acceptable around .08, and is preferred below .05. The second, Comparative Fit Index (CFI), addresses how well a proposed model fits better than a null model; a value is considered acceptable about 0.90, and preferred to be above .95. We can also compare models by identifying the model with the lower values on two information criteria statistics-Bayesian Information Criterion (BIC) and the corrected Akaike's Information Criterion (AICc)-which allow comparison of different models based on the model's likelihood while controlling for complexity and sample size.
The model statistics are shown in Table 2 . The best-fitting model, Model 2, consisted of seven first-order factors: Actual-Cooperative, Actual-Constructivist, Actual-Direct, Preferred-Cooperative, Preferred-Constructivist, Preferred-Direct, and Attitude. This model had the lowest value for RMSEA (0.057, 95% confidence interval .055-.058), highest CFI (.877), and had the lowest values for AICc (159519) and BIC (160265). We then computed Cronbach's alpha for each of these seven factors, as reported in the last column of Table 3 . The high alpha values for the forms of instruction, ranging from .84 for Actual-Direct to .90 for Preferred-Constructivist. The alpha value for Attitude was slightly lower, .77, but still in the acceptable range. Based on the CFA and the good "Linked" versions of models 1-3 have the same structure but include error covariance terms for the parallel Actual and Preferred items linked. k: number of parameters estimated Abbreviations: CFI Comparative fit index, RMSEA (CI) Root mean square error of approximation with 95% confidence interval in parentheses, SRMR Standardized root mean-square residual, AICc Corrected Akaike's information criterion, BIC Bayesian information criterion alpha values, we computed latent factor estimates for the seven factors to use for the subsequent analyses described below.
Data analyses
Following the factor analysis to create latent factor estimates, data analysis proceeded in two phases: ANOVA to test for group differences (research questions 1 and 2); and multiple regression to compare influences on attitudes toward science (research question 3). ANOVAs on the factor scores to answer the first three research question about the discrepancy between students' preference for forms of instruction and their actual experience of the forms of instruction, overall, by gender, and by school type. For each form of instruction (cooperative, constructivist-oriented, and direct), we performed a repeated measures ANOVA to compare the actual and preferred value, and to test whether this discrepancy was affected by gender and by school type for that form of instruction. We selected repeated measures ANOVA because it provides a straightforward test of the difference between the two measures, preferred and actual. While repeated measures ANOVA is frequently applied to test effects of time using the same measures, it is also applicable where the same respondents undergo varied treatment conditions in any order, or situations where respondents complete similar but comparable measures (Girden, 1992) . In our situation, the students are responding to questions about a common event, the instructional experience, using identical items rating on two comparable scales-actual and preferred. We then conducted a regression analysis to answer our final research question about the effect of the forms of instruction on students' attitudes toward science. We regressed the scale score on students' attitude toward science onto a block of control variables for gender and school type, then a block of variables for the preference for forms of instruction, and finally on a block of variables for the discrepancy between actual and preference for instruction. This allows us to examine the statistical significance of the demographic variables, the preference for instruction, and actual experience of forms of instruction as predictors of attitude toward science. We focus on the standardized regression coefficients because those are comparable regardless of scale.
Results Table 3 presents the descriptive statistics for the variables, including the discrepancy between students' preference and their actual experience.
Discrepancies in preferred and actual experience of instruction
Our first two research questions were addressed using repeated measures ANOVA to determine if there were significant discrepancies between students' preference for forms of instruction and their actual experience of those forms of instruction, and if such discrepancies were related to students' gender or school type. The repeated measures ANOVA results are shown in Tables 4, 5 and 6 for each of the forms of instruction: Cooperative, Constructivist, and Direct. To answer question 1 on the overall discrepancy by form of instruction, we look to the F-value for discrepancy between actual and preferred instruction. There was a significant discrepancy between students' preference for instruction and the actual experience of that instruction overall, with magnitude of the discrepancy highest for cooperative teaching (Table 4 : F 1,1293 = 3442.362, p = .000, partial η 2 = .727), somewhat lower for constructivist-oriented teaching (Table 5 : F 1,1293 = 1434.103, p = .000, partial η 2 = .526), and lowest for direct instruction (Table 6 : F 1,1293 = 690.153, p = .000, partial η 2 = .348). In all cases (see Table 3 ), the actual experience of instruction that students reported was lower than what they preferred, which is why the mean discrepancy values are negative. Because of the significant discrepancy values, we continued to look at discrepancy for the remaining questions rather than look only at actual experience of instruction. Question 2 addresses student difference by gender and school type. For student gender, we look at Tables 2 and 3 at the within-subjects interaction effect with gender to consider if students' self-reported gender is associated with a discrepancy between Significance levels for within-subjects effects are unchanged when using Greenhouse-Geisser or Huynh-Feldt corrections actual and preferred instruction. Across all three forms of instruction, we see there were no significant interaction effects of gender with the discrepancy. This means that both boys and girls reported similar discrepancies between the preference for instruction and the actual experience of instruction. We do see, however, a very small but significant between-subject effect for gender regarding the Constructivist-oriented teaching (Table 5 : F 1,1293 = 5.918, p = .015, partial η 2 = .005)-which indicates that boys and girls had an across-the-board difference in their responses on Constructivistoriented teaching. A post hoc t-test revealed that this was because girls reported very slightly lower level of actual Constructivist-oriented teaching in their classes (p = .002) but with a very small effect size (d = .17 ). This indicates that girls report a slightly different experience in the classroom environment than the boys do. To address differences by school type, we look at Table 4 , 5 and 6 at the withinsubjects interaction with school type to determine if there is a difference among students of school type on the discrepancy between their actual and preferred forms of instruction. We see that there are non-significant interactions for Cooperative and Constructivist-oriented teaching, indicating that the discrepancy between preference Significance levels for within-subjects effects are unchanged when using Greenhouse-Geisser or Huynh-Feldt corrections and actual experience was consistent across school types. The exception was for Direct teaching where a significant interaction of discrepancy by school type (Table 6 : F 1,1293 = 5.299, p = .005, partial η 2 = .008) indicated a small but significant effect. Looking at the means in Table 3 , it is clear this small effect is due to the C school students having a larger discrepancy between their preference for direct teaching and actual experience than their counterparts in the A and B schools. Furthermore, we see across the board between-subjects effects of school type-indicating that students of different school types had across-the-board difference in their responses on the forms of instruction. Looking at the means in Table 3 , we see that this occurs because students in the A schools have lower levels of both preference for instruction and reports of actual experience of instruction, regardless of the form of instruction in question.
Multiple regression analysis
To answer our third research question on how attitude can be explained by the discrepancy between actual and preferred instruction, we conducted a multiple regression analysis with attitude toward science as the dependent variable. We regressed attitude on blocks of variables, beginning with control variables of gender and school type (block 1), then the preference for the forms of instruction (block 2), and last the discrepancy variables for each form of instruction (block 3). The results are shown in Table 7 . The block 1 variables together explained 8.8% of the variation in attitude, block 2 variables together significantly explained an additional 3.8% of variation in attitude (change in R 2 = 0.038, F 31292 = 18.462, p = .000), and block 3 variables together significantly explained an additional 12.4% of variation in attitude (change in R 2 = 0.124, F 31289 = 71.166, p = .000). This shows that the discrepancy between actual and preferred instruction in class explained more variation (12.4%) than the demographic variables alone (8.8%) or the preference alone (3.8%). This supports our decision to address the role of discrepancy as an influence on students' attitudes toward science. Female, SchoolA, and SchoolB are dichotomous variables that have value of 1 for students who have these criteria and 0 otherwise; so, the reference group is male students attending the C schools. B is the unstandardized regression coefficient, and β is the standardized regression coefficient. Block 1 variables together explained 8.8% of the variation in attitude. Block 2 variables together explained an additional 3.8% of variation in attitude. Block 3 variables together explained an additional 12.4% of variation in attitude
Looking at the unstandardized regression weights (B's) allows us to interpret the results on the original attitude scale. For the control variables we can see that female students have significantly lower attitudes than male students (B = −.141, p = .000), and that the students in type A schools (highest performing) have lower attitudes than students in the type C schools (B = −.061, p = .003), and that students in the type B schools have lower attitudes toward science than the students in type C schools (B = −.036, p = .000). Preference for cooperative teaching was associated with more positive attitudes (B = .285, p = .000), whereas preference for Constructivist-oriented teaching was non-significant (B = .004, p = .838). Preference for direct teaching was small but negatively associated with attitudes (B = −.067, p = .042), but we interpret this tentatively because the p-value would be non-significant if a Bonferroni correction were adopted. Among the discrepancy variables, which are based on the difference between Actual and Preferred, we see a positive value for Cooperative teaching (B = .394, p = .000) indicating that a more positive discrepancy (that is, when the gap between actual experience and what students would prefer is not as high) is associated with higher attitudes on average. By contrast, the significantly negative value for discrepancy for Direct teaching (B = −.115, p = .007) shows that students would have higher attitudes associated with a more negative discrepancy (that is, when there is a larger gap between actual experience and what students would prefer). There is also a very small and moderately significant effect of discrepancy for Constructivist oriented teaching (B = −.034, p = .022), but we interpret this value with caution because of the small size and because the p-value would be non-significant if a Bonferroni correction were adopted.
The standardized regression weights (β's) allow for comparisons of relative influence of different types of variables. From these, we see that the two largest effects were both associated with Cooperative Teaching: Preference for Cooperative teaching had a standardized regression weight of .465, and Discrepancy in Cooperative Teaching had a standardized regression weight of .542. The values show that students who prefer cooperative teaching have higher attitudes on average, and that a more positive discrepancy (that is, when the gap between actual experience and what students would prefer is not as high) is associated with higher attitudes on average. So, according to these results, the largest effects of teaching on students' attitudes toward science would be higher when they experience more cooperative teaching, even if it still is not as high as they might prefer.
Discussion and conclusion
With students' attitudes toward science identified as a valuable outcome of science education, an important line of research is the different ways in which science teaching can help bolster this affective outcome. As this study shows, students' attitudes toward science can be positively related to how their experiences of instruction align with their preferences for instruction, especially for cooperative teaching approaches such as group work in class or developing small-group projects. This suggests that teachers' day-to-day instruction could contribute to positive attitudes toward science by incorporating such cooperative learning strategies (Du & Gao, 2010) . In our sample, this would mean increasing attitude toward science by reducing the gap between students' preference for cooperative teaching and their actual experience of classroom instruction. This is consistent with current efforts to promote more cooperative and inquiry-oriented instruction in Chinese contexts (Liang, 2017) that has been encouraged by curriculum leaders (MOE, 2011) , while also highlighting that the implementation of more student-centered instruction could remain relatively less prevalent than desired (Huang et al., 2016) .
Our findings are also generally consistent with the expectancy-value theory (Eccles & Wigfield, 2002; Wigfield & Eccles, 2000) , in that students who experienced more cooperative instructional practices-which may heighten their sense of social and personal value-showed more positive attitudes toward school science. This also suggests that, in general, instruction that provides more social engagement for students may increase their attitudes toward the class. The potential for positive effects of cooperative instruction may be particularly high in classroom settings that are otherwise teachercentered, which could be substantially prevalent in Chinese settings like this (Huang et al., 2016) . As the students may be experiencing quite low levels of peer-peer interaction around content, the novelty of more cooperative work may be strongly influential on attitude. This conjecture cannot be tested more explicitly in the present data, so further study on this general question is warranted.
There were non-significant effects of constructivist-oriented instruction and small negative effects of direct instruction on students' attitudes. So, while prior work emphasized the value of constructivist-oriented instruction over direction instruction for students' cognitive development and development of richer knowledge and understanding (Fulmer & Liang, 2013) and suggested that it would improve attitudes in Western settings (Osborne et al., 2003) , here we do not see that positive effect of constructivist teaching on students' attitudes. This finding appears to contradict our interpretation of the expectancy-value theory for this context: students did not show more positive attitudes when they have greater epistemic authority (from constructing the knowledge themselves), nor was there a negative effect of being passive in receiving knowledge.
We can see two possible causes for the lack of a positive effect of constructivistoriented teaching that arise because of this sample and how it differed from Western settings where previous work occurred. First, there is the social context of the Chinese classroom setting in which, like much of East Asia, students would expect more traditional teacher-centered instruction (Huang et al., 2016; Tan, 2012) and may not expect to experience constructivist-oriented teaching. So, the lack of constructivist-oriented teaching may be unrelated to their sense of satisfaction with the class or how this is transferred to the discipline itself because they have little overarching reason to expect it. Second, and as a corollary of the first point, there is the possibility of a statistical artifact in the data due to the observed low incidence of constructivist-oriented teaching reported by the students. That is, the students' reports of their actual constructivist-oriented instruction were quite low and-while this finding is somewhat consistent with previous work in such contexts (Yip, 2001 )-this means statistically that there was very little variation among the students on this variable. This would constrain the possible correlations with attitude towards science and, thus, affect the regression result. At this time, we are unable to disentangle these two possibilities in the present data set, so further study is warranted that can take into account the special contextual influences in Chinese classrooms that may yield findings that conflict with work in Western settings. It is possible that Chinese teachers in these samples practice so little constructivist-oriented teaching that there is no practical evidence that their students develop greater epistemic authority, so that there would not be a contribution of such practices to their attitudes. This is consistent with previous findings about extent of teacher-directed instruction in China (Huang et al., 2016) , and exhibits what teachers in the context believe about students being "empty vessels to be filled" (Yip, 2001, p. 758) . Because of this constraint, future research is needed to extend this work in contexts where constructivist-oriented teaching is more prevalent, to see if there were a relationship with attitudes when students either could expect to or would be more likely to report experiencing such forms of teaching.
One of the more interesting findings of the study was that the positive effect of discrepancy in cooperative teaching on students' attitudes in the regression findings. Because students always reported a greater preference for forms of teaching than they experienced, the positive effect of discrepancy implies that students' attitudes could have been higher if there were a smaller gap. That is, assuming the observed relationship held, students could have reported more positive attitudes if they experienced more cooperative teaching. This effect was significant even after controlling for gender differences or differences in academic rigor of the schools.
Our study also showed that there were overall effects on attitude for the control variables of gender and school type. For gender, male students had more positive attitudes, which was consistent with previous study such as by Du and Gao (2010) and Wu and Guo (2019) . For school type, students in the C schools-which are considered less academically successful-had more positive attitudes This difference in attitude was despite the fact that students in the A and B schools would typically be considered better performing in science. This could be related to the higher academic pressure that students in A and B schools may experience, and the more challenging coursework and assessments in their science classes, which may negatively affect their attitudes.
The current study is among the first to examine the relationships between mainland Chinese students' attitudes toward science and classroom instruction from the students' perspective, which has been identified as a promising direction for study (Fulmer & Liang, 2013; Marsh, 1984) . Additionally, the study considered both the role of students' actual experience of instruction and their stated preference for forms of instruction. Our use of student responses could also explain the possible contradictions with previous work, because we get a measure of what classroom teaching practices the students recognize their teachers using, rather than based on observational data, teacher reports, or group assignment. So, students may find some of the practices less salient in their recollection, and therefore report a lower level of some practices than what a teacher may report doing, or what the teacher may do when being observed, and so on. We see large potential for this work because, in a sense, the student report data give a snapshot of the "experience curriculum" that may differ markedly not only from the intended curriculum (as conveyed in instructional materials) but also from the enacted curriculum (as teachers may view it). To better understand this possibility, future research is needed that can combine student report data with other forms of evidence. One possible direction for study could be to explore in greater depth the ways that cooperative teaching strategies influence attitudes using mixed methods, including not only questionnaires such as that by Juuti et al. (2010) but also with classroom observation and teacher or student interviews.
Implications for practice and research
The findings of the study have important implications, in general, and for Chinese science educators and policymakers, in particular. In Chinese culture, a teacher's primary role has been perceived as a "knowledge dispenser"to transmit knowledge and answer students' questions (Liang, 2017) . Consequently, teacher-centered "direct teaching" mode has always been the dominant instructional approach implemented in most Chinese classrooms, which is also one of the approaches preferred by students. In a research article published in Science in 2009, Bao and his colleagues compared Chinese high school graduates with their US counterparts in two domains: understanding of physics concepts, and scientific reasoning. It was found that the Chinese students' performance on the concept/content tests were far better than that of their US counterparts. However, no difference was found between the two groups of students on the scientific reasoning scale. This finding suggests that the traditional content-rich direct teaching could be effective in improving student concept test scores but not in the development of students' scientific reasoning abilities. Given that the modern Chinese science curriculum standards emphasize development of knowledge, scientific processes, and attitudes (e.g., MOE, 2011), direct instruction alone would not be enough to achieve the goals of Chinese science education. The significant influence of cooperative teaching strategies on students' attitude towards science appears to be a promising notion. This suggests that such teaching approaches may support the development of more positive attitudes toward the subject itself, above and beyond any effect on the students' understanding of the subject matter. This finding is tentative, however, as we do not have experimental evidence to give causal link between cooperative teaching and attitudes toward science.
At a more fundamental level, the present work reiterates the value of examining students' perspectives when considering their experience of and preference for science teaching. We see not only that students' perceptions of instruction can relate to cognitive outcomes such as understanding of scientific concepts (Fulmer & Liang, 2013) , but also to affective outcomes such as attitude towards science. As we described above, because constructivist-oriented teaching was quite low in the sample, one direction for future research is to examine the relationships between forms of instruction and student attitudes in contexts where constructivist-oriented teaching is more prevalent. At the same time, further research is also needed to test whether the relationship between cooperative teaching and attitudes toward science is a causal one, to answer the question: If teachers do implement more cooperative strategies, would this yield an increase in attitudes toward science?
Another direction for possible follow-up study is to examine more complex relationships among the measures of instruction based on students' classroom experience, their learning outcomes, and affective measures. For instance, the work of Singh et al. (2002) examined the role of attitude towards science in students' achievement, mediated by time spent studying. Similarly, the inclusion of classroom experiences of instruction may significantly contribute to understanding how attitudes are related to other outcomes like achievement or course enrollment. This may occur directly, but also indirectly through time on task in or out of school, or engagement during class.
We also see avenues for future study to explore different profiles or patterns of students' experiences of instruction, and any connections this may have with their learning outcomes. For example, individual students may vary in their reports of the experienced instruction. Such variation in student ratings within classes, if substantial, may be related to other meaningful antecedents (such as student background variables, prior academic performance, achievement orientation) or to outcomes (such as performance, engagement in class, attitude toward science). This could be a very fruitful direction for study.
In sum, the present findings indicate that there are meaningful ways to examine how students experience their teachers' science instruction, and these experiences are related to the students' attitudes toward science. The positive correlation between cooperative teaching and attitude has potential implications for teaching practice. In addition, the findings point to the importance of incorporating students' reports of classroom experience in the study of individual and classroom outcomes and processes.
